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(54) Saddle-torlod mirrors 

(57) A mirror for use as a grazing incidence collimator comprises a section of a glass cylinder 10 having its internal surface 
coated with gold for optimum reflection of 1.0nm x-rays at a grazing incidence angle of 1.5°. The section of cylinder 10 is 
bent to form a saddle toriod by means of equal but opposite couples applied at either end of the cylinder by fixed supports 
20 and adjustable supports 30 to produce a concave mirror radius r and a convex major radius R. 

In an alternative embodiment, a collimator comprises an array of microtoroids. The microtoroids may be made by 
coating a cylindrical substrate (e.g. glass) with a high melting polymer (e.g. polyimide) and a photoresist, forming stnps of 
the polymer and photoresist photolithographically so that the polymer strips are wider than the resist and heating to melt the 
resist into a cylindrical shape. (Figs 12 and 13, not shown). 
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OPTICAL DEVICES AND METHODS OF FABRICATION THEREOF 
This Invention relates to optical components and methods of 
manufacture thereof. It finds particular application 1n the 
fabrication of grazing Incidence mirrors used 1n x-ray 
lithography to match the profile and shape of the emitted 
radiation to that required by the lithographic masks. 

Synchrotrons are devices which are becoming Increasingly 
popular as Intense sources of x-ray radiation. They are used In 
the semiconductor Industry as radiation sources for x-ray 
lithography for large-scale production of patterns with 
sub-m1cron features. The radiation produced by synchrotrons has 
a large angular divergence In the horizontal plane (the plane of 
the electron orbit) but a very small divergence 1n the vertical 
plane. Typical values are 20 mRadlans In the horizontal and 
1 mRadlan In the vertical. This means that If allowed to expand 
naturally, the beam will Illuminate a narrow rectangle of the 
order of 200mm by lOmrn at a distance of 10 metres. For x-ray 
lithography the Ideal Illumination patch Is a square 50mm by 
50mm. Other workers have produced this 1n three different 
ways. In the first a flat or cylindrical mirror Is placed about 
3m from the tangent point (effective source of radiation). The 
mirror Is then scanned In the vertical direction. The 
disadvantages of this method are that a moving part has to be 
Introduced Into a high vacuum region and that the area has to be 
overscanned In order to produce sufficiently uniform 
Illumination. This overscannlng means that less than 50% of the 
available radiation 1s used for exposing the lithographic 
pattern. A second method that has been used 1s to tilt the 
orbit of the electron beam within the synchrotron. Although 
this has the advantage of no moving parts, It affects all beam 
ports on the synchrotron and may also Introduce safety 
problems. The third possibility of scanning a silicon wafer 
that Is being Illuminated 1s Impractical 1n a manufacturing 
environment because of the size of the mask and wafer alignment 
systems. 
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We have found that, by using grazing Incidence optics that 
shape the synchrotron radiation to the required dimensions, 
difficulties of the prior art methods may be overcome. This 
option has previously been Ignored partly because the mirrors 

05 were thought to be too costly to produce. However by 
approximating the Ideal conies of revolution by various types of 
toroidal mirror , and then producing the required toroidal 
surfaces by bending cylindrical mirrors (which may be sections 
of mass produced glass tubing), a workable solution that 1s very 

10 cost effective Is possible. 

According to the present Invention there Is provided an 
optical device adapted for use as a grazing Incidence collimator 
Including at least one reflective surface of saddle-torold form. 
The 1s also provided a method of manufacture of optical 

15 components comprising the steps of forming a base member 
comprising a substrate having a surface layer divided Into an 
array of str1p-Hke members, and applying heat to melt the 
surface layer. 

The Invention will now be specifically described with 



20 


reference to the accompanying drawings, In which:- 




Figure 


1 


shows a saddle-torold mirror; 




Figure 


2 


shows a section of tube being bent by couples 








applied at either end; 




Figure 


3 


shows the profile of Illumination; 
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Figure 


4 


shows a schematic elevation of an embodiment of 








the Invention employing a single mirror; 




Figure 


5 


shows a schematic plan view of this embodiment; 




Figure 


6 


shows a schematic side elevation of an embodiment 








employing two mirrors; 
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Figure 


7 


shows a schematic end elevation of the mirror; 




Figure 


8 


shows a schematic plan view of the mirrors; 




Figure 


9 


shows a schematic side elevation of an alternative 








embodiment employing two mirrors; 




Figure 


10 


shows a schematic end elevation of the mirror; and 
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Figure 


11 


shows a schematic plan view of the mirrors. 
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Figure 12 shows a cross section of the micro torold array 
before heating; 

Figure 13 shows a cross section of the micro torold array 
after heating; 

05 Figure 14 shows, 1n cross section a single saddle-torold 

being used to expand the synchrotron output; 
Figure 15 shows a plan view of the use of a single 
saddle-torold; 

Figure 16 shows a cross sectional view of an array of micro 
10 torolds being used to expand and homogenise the 

synchrotron output; 
Figure 17 shows a plan view of the use of an array of micro 
torolds. 

Figure 18 shows a two element system 1n cross section; 
15 Figure 19 shows a two element system In plan view; 

Figure 20 shows an adjustable two mirror system; 
Figure 21 a to e shows an alternative method of manufacture 

of micro- toroidal optical components; and 
Figure 22 shows a series of results of ray tracing 
20 measurements. 

The simplest form of this Invention Is the use of a single 
saddle-torold to colllmate the beam In the horizontal plane and 
expand 1t In the vertical plane. A saddle-torold has a concave 
(with respect to the Incident radiation - Indicated by the 
25 arrow) minor radius r, and a convex major radius R as shown 1n 
Figure 1. The minor radius 1s chosen so as to colllmate the 
horizontal radiation by means of the formula: 



30 



2us1nO 



<1> 



where p 1s the minor radius, u Is the distance from the 
source point to the mirror and e Is the grazing angle of 
Incidence at the mirror. 

The major radius Is chosen so as to increase the vertical 
35 divergence of the beam to make 1t sufficient to Illuminate the 
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required area at the exposure station, using the formula: 

1/u + 1/v » 2/(Rs1n9> <2) 

05 where u and v are the conjugates, R 1s the major radius and 

e 1s the grazing incidence angle. Furthermore the conjugates 
are related by: 

u/v « (required exit d1vergence)/(1nddent divergence) (3) 

10 

The resultant saddle-toroid mirror 1s an optic that would be 
difficult and costly to manufacture by conventional grinding. 
However, by using the fact that 1f equal but opposite couples 
are applied to a prism, the resultant bend 1s circular between 

15 the points at which the couple 1s applied, a section of glass 
cylinder of the required minor radius can be bent to the 
required major radius, provided that radius Is sufficiently 
large so that the stress of bending stays within the elastic 
limits of the glass. Figure 2 shows a section of tube 5 being 

20 bent by couples applied at either end via fixed supports 6 and 
adjustable supports 7. The adjustable supports 7 have been 
translated in the direction shown by the arrows. 

An added advantage of having the major radius formed by 
bending 1s that It can be changed to achieve different exit 

25 divergences whilst 1n place In the beamllne. This would allow 
different size areas to be Illuminated depending on the 
production needs of the moment. 

Such an optic still has three drawbacks: 

a. The Illumination patch I is crescent shaped, rather 
30 than rectangular, as shown In Figure 3- 

b. Although the horizontal beam Is collimated, the 
vertical beam has a divergence, which sets limits on 
the width of the finest line that can be drawn and 
places stricter constraints on the mask to recording 

35 medium separation. The Ideal lithographic beam is 
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col 1 Itnated In both the vertical and horizontal beam. 

c. The output beam Is at an angle to the horizontal 
which complicates the exposure station design. 
All three drawbacks can be eliminated by a two-torold 
05 design. There are two possible two torold designs: which have 
been named concentrating and diluting, for reasons which will 

become apparent. 

In the first embodiment, a first mirror Is a saddle-torold 
with a concave minor radius (as seen by the beam) and a convex 
10 major radius. The second mirror Is saddle torold with a convex 
minor radius and a concave major radius. 

The minor radii can be chosen by eliminating, to a first 
approximation, the crescent distortion of the Illumination 
patch. This leads to the following formulae relating the two 



15 radii 



20 



Pl - p.(l + 4d/p 2 + 4(d/p 2 ) 2 ) 



(4) 



and 



P 2 - 4 Pl ((us1n9)/(2us1ne - p x > 2 (5) 



where Pj 1s the minor radius of the first mirror, p 2 Is the 
minor radius of the second mirror, d Is the vertical separation 
25 between the mirrors, u 1s the distance from the source point to 
the first mirror and 6 is the angle of grazing Incidence of the 
principle ray at both mirrors. 

By solving equations 4 and 5 for given 9, u and d, values of 
the minor radii are found that col 11 mate the beam in the 
30 horizontal direction and provide a nearly rectangular 
illumination patch. 

The major radii can be calculated from the lengths of the 
mirrors needed to obtain the required Illumination area L2, the 
length of the second mirror 1s; 

35 
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L2 - h/(s1ne> <6> 

where h Is the height of the Illuminated, path required and 
6 Is the grazing angle of Incidence. 
05 LI and L2, the lengths of the first and the second mirrors 

respectively are related by the equation: 

L1/L2 - <u 2 - d/s1ne>/u 2 <?> 

10 where u 2 Is the conjugate of the second mirror and d 1s the 

minimum distance between the mirrors. 



LI « u 1 (beam dl vergence>/s1n9 <8> 

15 As u, 9 and d are already known or assumed, LI and L2 can be 

calculated and hence u 2 and R2. 

Rl can then be calculated from the formula: 



1/u + 1/v = 1/f (9 > 

20 

where u 1s known, v = u 2 - d/s1n9 and f = R1s1n9/2. 
These Initial values of Rl , R2, Pl and pz for given 9, d, h 
and u are the first approximations which correct to the first 
order. They can then be refined by optimisation ray tracing 
25 with an appropriate software package. 

The design 1s called converging because 1t has the added 
benefit of producing a narrower horizontal beam than a single 
mirror horizontal collimator. 

An alternate way of colllmatlng the beam using two mirrors 
30 so that the illumination patch 1s rectangular Is to use two 
torolds, but the first Increases the horizontal divergence, 
which 1s then corrected by the second. The first mirror has 
both major and minor radiuses convex, while the second mirror 
has both radiuses concave, with respect to the Incident beam. 
35 This design has the slight disadvantage, from a lithographic 
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point of view, that the collimated horizontal beam Is wider, and 
therefore less Intense, than that which would be produced by a 
single mirror collimator. 

The radiuses and conjugates can be calculated In a similar 
manner to that of the converging design, except that equation 4 
becomes: 



Pl » p 2 (l - 4d/ Pa + 4<d/p 2 > 2 > 



(10) 



The other equations, 5 - 9 can then be used as before. 

Referring to Figures 4 and 5 of the drawings a mirror 
comprises a section of a glass cylinder 10 of Internal radius p. 
chosen to satisfy equation 1. The Internal surface of the 
cylinder 1s coated with gold for optimum reflection of l.Onm 
x-rays at a grazing Incidence angle of 1.5°. This section of 
cylinder 10 1s bent to form a saddle torold of radius R by means 
of equal but opposite couples applied at either end of the 
cylinder by fixed supports 20 and adjustable supports 30. The 
couples are generated by moving the adjustable supports 30 In 
the direction Indicated by the arrows on the drawing until the 
required radius Is reached. The size of the radius R Is 
calculated from the equation 2 and 3 as shown previously. The 
divergence of the beam emitted at the source point 40 depends on 
the characteristics of the synchrotron. The distance to the 
exposure station 50 and the required size of the exposure patch 
are needed in order to calculate the necessary divergence of the 
beam on reflection from the mirror. 

Referring to Figures 6 to 8 of the drawings, the mirrors 
comprise sections of glass cylinder 15 and 25 of Internal radius 
Pl and external radius p 2 respectively. These rad11 are chosen 
to satisfy equations 4 and 5, given previously. The Internal 
surface of cylinder 15 and the external surface of cylinder 25 
are coated with gold or other suitable material to optimise the 
reflectivity of the x-rays being used for the lithography, 
usually l.Onm, at the appropriate grazing incidence angle, 



usually 1.5 degrees. The major radius R2 of the first mirror 12 
Is formed by bending 1t by applying equal but opposite couples 
at either end of the mirror 15 1n the same way as for the single 
mirror example. The major radius R2 of the second mirror 25 Is 

05 made similarly. The major rad11 are chosen to satisfy equations 
6-9 given previously for the particular needs of the 
synchrotron source point 55 and the exposure station 65. 

Referring to Figures 9 to 11 of the drawings, the mirrors 
comprise sections of glass cylinder 12 and 22 of Internal radius 

TO p x and external radius p 2 respectively. These rad11 are chosen 
to satisfy equations 5 and 10, given previously. The Internal 
surface of cylinder 12 and the external surface of cylinder 22 
are coated with gold or other suitable material to optimise the 
reflectivity of the x-rays being used for the lithography, 

15 usually l.Onm, at the appropriate grazing Incidence angle, 
usually 1.5 degrees. The major radius Rl of the first mirror 12 
Is formed by bending It by applying equal but opposite couples 
at either end of the mirror 15 In the same way as for the single 
mirror example. The major radius R2 of the second mirror 22 Is 

20 made similarly. The major radii are chosen to satisfy equations 
6-9 given previously for the particular needs of the 
synchrotron source point 52 and the exposure station 62. 

The mirrors 1n the invention could be made by conventional 
grinding or such innovative technique such as forming the 

25 appropriate toroid by bending a glass or ceramic section and 
then forming the glass to that shape, or even casting the shape 
In some appropriate material, such as epoxy, and coating the 
surface to give the required reflectivity. 

The mirror shapes could either be symmetric torolds, 

30 achieved by bending with equal opposite couples, or off axis 
conies of revolution, achieved by bending with unequal couples. 
The ideal solution would suggest off axis conies of revolution 
but the symmetric toroids are very close approximations to these 
that they will suffice In most practical applications of the 

35 mirrors. 
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A further embodiment of the Invention comprises a mirror 
which both expands the beam of radiation and homogenises It. 
Previously 1t has been shown that the use of a saddle torold or 
a combination of a cylinder and a saddle torold can provide a 
horizontally colllmated, vertically expanded beam of use to 
lithography. However these mirrors required a uniform Input 
beam to produce a uniform output beam. If used with a 
gausslan-proflled synchrotron beam they would produce 
Illumination patches which had a gausslan profile In the 
vertical direction. By making a mirror which Is not a single 
but a large number (50 to 1000) of micro saddle-torolds, a 
uniform output beam that 1s expanded In the vertical plane and 
colllmated 1n the horizontal can be produced. Each element of 
the array of micro saddle-torolds spreads a small section of the 
Input beam over the entire output patch. The result of the 
spreading of all the small sections Is a uniformly Illuminated 
patch, whose overall shape Is closely related to the 
illumination patch produced by a single saddle torold of the 
same minor radius, but whose major radius is larger In 
proportion to the number of micro torolds. This array of micro 
torolds can be readily produced by a process Involving the 
melting of an exact volume of a polymer or other suitable 
material on a defined pedestal. Surface tension produces a 
portion of a sphere in the case of a circular pedestal, a 
cylinder In the case of a Une pedestal and a saddle torold In 
the case of a line pedestal on a concave cylindrical surface. 

Referring to Figures 12 to 17, an array of micro torolds Is 
manufactured on a glass or other suitable cylindrical substrate 
110, by putting down two layers of suitable polymers such as a 
1pm thick layer of polylmlde 120 and a 2pm thick layer of 
novalak resist 130. These polymers are machined Into strips 
running perpendicular to the axis of the cylindrical substrate 
110 either by standard lithographic techniques, or by 
uv-photoablat1on using an exdmer laser. The exclmer laser 
allows the use of much thicker resists than lithography and 



( 



easier control of the depth of the machining. The whole array 
Is then heated 1h an oven to a temperature at which the novalak 
resist 130 becomes molten, but the pedestal 120 does not. The 
resist 130 flows to cover the entire pedestal 120, with Its top 

05 surface assuming a cylindrical shape under surface tension. 
After cooling and post baking, the top 1s coated with gold or 
other suitable x-ray reflecting material. 

Figure 14 shows single saddle-torold 115, having a concave 
minor radius and a convex major radius, expanding the output 

10 from a synchrotron source 135 1n the vertical direction, whilst 
colllmatlng It In the horizontal direction, to produce the 
required patch of Illumination 125. However, although the shape 
of this patch 125 1s usable, 1t will have the same gausslan 
profile In the vertical direction as the beam 135 that it 

15 expanded. It could only be used In lithography 1f a 
considerable portion of the radiation from the source 135 were 
discarded. 

By using the array of micro torolds 140 as shown 1n cross 
section In Figure 16 and 1n plan 1n Figure 17, the synchrotron 

20 beam 135 can be both expanded to fill the required patch 125, 
but will also Illuminate the patch In a uniform way, using all 
the radiation from the synchrotron. In effect the 
time-averaging of scanning mirror has been exchanged for a 
space-averaging using an array of reflections, each of which 

25 spreads a part of the synchrotron beam over the entire surface 
to be Illuminated. 

The substrate 110 1s part of a cylinder whose minor radius 
has been chosen to colllmate the beam 1n the horizontal 
direction. The major radius of the micro torolds Is chosen to 

30 spread the radiation over the entire Illumination surface. 

The Illumination patch produced by either a single 
saddle-torold or a single array of micro saddle-torold 1s 
characteristically crescent shaped. In practice this would mean 
that 30-50% of the synchrotron radiation would fall outside a 

35 rectangle and so not be used. A two mirror system, consisting 
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of a convex cylinder and a saddle torold can be used to produce 
a rectangular Illumination patch, as described above. 

By using an array of saddle torold as the second element, 
the rectangular output patch can be uniformly Illuminated even 
05 1f the Input to the system 1s non-uniform. 

Referring to Figures 18 to 20, the minor rad11 of the two 
elements 160 and 140 Is related by the following two equations, 
derived from the formula: 

10 p, - np, <"» 

Pl = (u(n+l)s1na + d + sqrt((u(n+1)s1na + d>**2 - 

4ndusina))/n <12> 

15 where Pl 1s the minor radius of the first element 160, p 2 is 

the minor radius of the second element 140, n Is the ratio of 
the two radii, u is the distance from the source to the first 
element, a Is the grazing incidence angle of the principal ray 
at both surfaces and d 1s the vertical separation of the two 

20 elements, measured perpendicularly to the axis. 

By varying n, the ratio of the two minor radii, and using a 
computer ray tracing program, It 1s possible to find a value of 
n that gives a rectangular Illumination patch. 

The major radius of the second element can also be chosen by 

25 computer ray tracing. 

The second element 140 1s constructed as discussed before, 
and as 1n the one element design creates a uniform Illumination 
patch 125. However the shape of the patch Is now rectangular, 
with 100% of the synchrotron radiation being usable, so that as 

30 long as the second mirror 1s 70% reflecting or better the two 
element system is more efficient. 

Figure '20 show a cross section of a two element system In 
which the distance between the convex cylinder 160 and the array 
of micro saddle-torolds 140 1s varied by altering the angle of 

35 both and moving the cylinder In the line of the original 
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synchrotron beam. By reducing the separation and changing the 
angle without changing the minor radius the width of the 
illuminated patch can be varied by ZOX without significantly 
altering the rectangular shape. By a simple motion, with 
05 rotation about the pole of the array 140, the system has the 
added advantage of keeping the Input and exit beams at a 
constant angle. 

An alternative method of manufacture of microarrays of 
saddle toroids is illustrated in Figure 21a to 21e. 

10 A substrate 200 that 1s a section of a cylinder is first 

bent to form a saddle torold shown In section In Figure 21b. A 
thin layer 201 of polymer is then applied to the bent substrate, 
and whilst the substrate 1s still bent, 1s separated Into a 
series of strips 202 running at right angles to the major axis 

15 of the substrate. This patterning may be created by 
lithography, uv ablation or other suitable method of cutting 
thin strips in material (spark erosion etc. depending on the 
nature of the coating). Once it is patterned, the couple 
causing the substrate to bend Is then released, allowing the 

20 substrate to revert to its shape as a section of a cylinder. In 
doing so it now exerts a force on the top layer that was applied 
when It was bent, thus forming a plurality of micro-saddle 
toroids. The whole structure Is then coated with a layer of 
gold 203 and used In the same manner as the micro array formed 

25 by melting. 

Ray traces were carried out for a variety of combinations of 
minor radii, In order to optimise the output beam. 

Typical results are shown In Fig. 22, which shows the scale 
of each spot diagram and the shape of the beam at the plane of 

30 the lithographic mask. 

The ray tracing arrangement for the results shown was to 
have a source point, radiating uniformly In all directions. One 
meter away was an aperture measuring ±7. 4mm in the horizontal 
direction. This slit was then uniformly filled, creating a 

35 first approximation to synchrotron radiation. (The same slit 
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aperture was used 1n the single cylinder and single torold ray 
traces referred to previously). The centre of the first torotd 
was placed a further 1.7m downstream of the slit. The position 
of the second torold was determined by the vertical separation 

05 d. This was chosen as 30mm, so that the separation between the 
line of the Incoming beam and the exiting beam was 60mm. This 
allows the positioning of the statutory lead or uranium safety 
beamstop. The grazing angle of Incidence was 20mR (1.5°). This 
means that the second mirror centre was 1145.6mm from the 

10 first. The lithography station was placed a further 7m 
downstream. 

The parameters for the spot diagrams shown In Figure 22 are 

listed In Table 1. 

In these examples the first element was a cylindrical mirror 
15 and the second was bent Into a saddle- torold, with a major 
radius of 80,000mm. 

The shape of the lithography mask Illumination patch varied 
from a crescent to a near rectangle. At the optimum values the 
shape was such that 86% of It fell within a usable rectangle. 

20 

Table 1. Cyllnder-torold parameters 



number n " 

(mm) <mm) 



30 



1 (top) 


-0.4 


413 


165 


2 


-0.6 


251 


150 


3 


-0.66 


222 


146 


4 


-0.68 


213 


145 


5 


-0.70 


205 


144 


6 


-0.80 


172 


138 


7 


-1 .00 


127 


127 


8 (bottom) 


-1.20 


98 


118 



This solution was a diluting one, 1n that the first mirror 
expands the beam and the second causes It to re^converge. This 
means that the final Intensity of the beam In the horizontal was 

05 slightly less than if the same fan of synchrotron radiation had 
been reflected by a single mirror. Compared with letting the 
beam expand naturally to a final point 10m from the tangent 
point, a single torold or cylinder condenses the illumination by 
a factor of 3.7, while this two mirror system only condenses It 

10 by a factor of 2.2. That combined with the greater reflection 
losses of this system, 56% total reflectivity compared to 75% 
for a single surface, mean that the total usable fraction of 
light was down by about 21% from that of a single saddle-toroid. 
system. 

15 The second mirror, the torold, could be replaced by a 

saddle-toroid array mirror to give uniformity of illumination, 
but the throughput would be slightly less, due to the elements 
of the saddle-toroid array not completely covering the 
substrate. This would give an added loss of between 1 to 4%, 

20 depending on the details of the saddle-toroid array design. 

As an alternative to using a cylindrical section for the 
curves, some other conic section could be employed. In 
particular, we have found that advantageous properties result 
from using an ellipsoid of rotation for the minor radius curve. 

25 An alternative to the use of photoresist or glass coatings 

to form the multi-torold arrays 1s to use a metal /metal 
arrangement where a high melting point substrate Is coated with 
a low melting point metal which is then slit longitudinally and 
then melted to form the toroidal surfaces. 

30 A further alternative Is to vary the radius of each saddle 

element by depositing a tapered layer which Is then si 1 1 and 
melted. 

In a yet further embodiment a multi -layer coating Is used 
Instead of the reflective metal such as gold. 
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CLAIMS 

1. An optical device adapted for use as a grazing Incidence 
collimator Including at least one reflective surface of 
saddle-torold form. 

2. An optical device adapted for use as a grazing Incidence 
05 collimator as claimed 1n claim 1 comprising a pair of reflective 

components wherein each of said components Includes at least one 
reflective surface of saddle-torold form. 

3. An optical device adapted for use as a grazing Incidence 
collimator as claimed 1n claim 2 wherein the first of said pair 

10 of reflective components has a reflective surface with a concave 
minor radius and a convex major radius and the second of said 
pair of reflective components has a reflective surface with a 
convex minor radius and a concave major radius. 

4. An optical device adapted for use as a grazing Incidence 
15 collimator as claimed in claim 2 wherein both the major and the 

minor radii of the reflective surface of the first of said pair 
of reflective components are convex and both the major and the 
minor radii of the reflective surface of the second of said pair 
of reflective components are concave. 
20 5. An optical device adapted for use as a grazing Incidence 
collimator as claimed In claim 2 wherein the second of said pair 
of reflective components comprises an array of mlcrotorolds . 

6. An optical device adapted for use as a grazing Incidence 
collimator as claimed in claim 5 wherein said array Includes at 

25 least fifty mlcrotorolds. 

7. An optical device adapted for use as a grazing Incidence 
collimator as claimed in claim 6 wherein said array Includes 
between fifty and one thousand microtorolds. 

8. An optical device adapted for use as a grazing Incidence 
30 collimator as claimed In any one of claims 5 to 7 wherein said 

array Includes successive mlcrotorolds having different minor 
radii. 

9. An optical device adapted for use as a grazing Incidence 
collimator as claimed in any one of claims 2 to 8 including 
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means for simultaneous changing the relative spacing and 
orientation of the first and second of said pair of reflective 
components. 

10. An optical device adapted for use as a grazing Incidence 
05 collimator as claimed in any one of the preceding claims 1 to 9 

incorporating means for varying the curvature of at least one 
reflective component. 

11. An optical device adapted for use as a grazing incidence 
collimator as claimed In claim 10 wherein the means for varying 

10 the curvature comprises means for applying couples of opposite 
sign to opposite ends of a component having a reflective surface. 

12. A method of manufacture of optical components comprising the 
steps of forming a base member comprising a substrate having a 
surface layer divided into an array of strip-Uke members, and 

15 applying heat to melt the surface layer. 

13. A method of manufacture of optical components as claimed In 
claim 12 wherein a substrate comprising a relatively high 
melting point material Is coated with a surface layer of a 
relatively low melting point material, said surface layer 1s 

20 separated Into an array of strip-like members and said substrate 
and said surface layer are heated to a temperature intermediate 
said relatively high and said relatively low melting points. 

14. A method of manufacture of optical components as claimed In 
claim 13 wherein said surface layer Is tapered in section. 

25 15. A method of manufacture of optical components as claimed in 
either claim 13 or 14 wherein said surface layer 1s of metal. 
16. A method of manufacture of optical components as claimed in 
either claim 13 or 14 wherein said surface layer Is of polymeric 
material . 

30 17. A method of manufacture of optical components as claimed In 
claim 16 wherein said surface layer is of novolak resist. 
18. A method of manufacture of optical components as claimed 1n 
either claim 16 or 17 wherein said surface layer Is subsequently 
coated with a reflective coating. 

35 19. A method of manufacture of optical components as claimed 1n 
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claim 18 wherein said surface layer 1s subsequently coated with 
a multilayer reflective coating. 

20. A method of manufacture of optical components as claimed In 
claim 18 wherein said surface layer 1s subsequently coated with 

05 gold. 

21. An optical device made by the method of any one of the 
previous claims 11 to 20. 

22. A radiation source Incorporating an optical component In 
. accordance with any one of claims 1 to 10 or claim 21. 

10 23. A synchrotron Incorporating an optical component In 
accordance with any one of claims 1 to 10 or claim 21. 
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